Purpose: To obtain descriptive statistics of central corneal thickness (CCT) in a large population of normal eyes undergoing refractive surgery and study the relationship of 2 variables, age and refraction, with CCT.
I
atrogenic keratectasia is a potentially significant complication of refractive surgery. This may result either from a residual stromal bed that is too thin or be a result of an unrecognized preoperative propensity to the development of keratoconus. 1, 2 In high myopic surgical candidates, the risk of ectasia is higher because they require a larger ablation, and previous studies have reported thinner corneas in these patients. 3, 4, 5 The purpose of this study was 2-fold: (1) to obtain descriptive statistics of central corneal thickness (CCT) in a large population of normal eyes undergoing refractive surgery and (2) to analyze the correlation between age and corneal thickness, and spherical equivalent (SE) refraction and corneal thickness. By analyzing stratified subgroups, we hope to identify outliers in specific patient populations, which may then require even more diligent examinations to rule out a propensity toward keratoconus development.
METHODS
Retrospective chart review of 5158 consecutive patients presenting to a cornea and refractive surgery practice center from August 4, 2000, to April 20, 2009, who underwent refractive surgery, was conducted. Age, procedure, date of procedure, surgical eye, manifest refraction, cycloplegic refraction, wavefront analysis, SE, and CCT were recorded. Ultrasonic pachymetry was conducted using the Sonagage ultrasonic pachymeter. Five corneal thickness measurements were taken, and the smallest was used for analysis.
Refractions used in this study were those refractions used as a basis for planning the patient's refractive surgery correction. These input refraction variables were determined by 1 investigator (P.S.H.) based on 2 manifest refractions performed on different dates and at least 1 cycloplegic refraction and 1 cycloplegic wavefront. Results were analyzed by graphing SE versus CCT, and age versus CCT, and computing the correlation (r 2 ).
RESULTS
Mean corneal thickness for the entire group was 544 6 34 mm (range, 415-695 mm). Average age of the group was 40 6 12 years (range, 17-83 years). Mean SE of the group was 23.78 6 3.30 diopters (range, +6.00 to 217.75 diopters). Table 1 summarizes the data for correlation between SE and CCT. Figure 1 demonstrates that no correlation was found between SE and CCT (r 2 = 0.00072). Table 2 summarizes the data for correlation between age and CCT. Figure 2 indicates that no correlation was found between age and CCT (r 2 = 0.00645). Figure 3 represents the distribution of corneal thickness values for all eyes included in this study in 25-mm increments.
DISCUSSION
Our results indicate that in normal eyes, CCT averages 544 mm (SD = 34 mm) and does not correlate with SE or age. Cho and Lam 6 found similar results in their investigation of Hong Kong Chinese patients with regard to CCT and refractive error. Mean CCT of right and left eyes were 575 6 32 and 574 6 31 mm, respectively. Their study did, however, find a negative correlation between CCT and age in female subjects. They concluded that the small number of male subjects in the older age groups may have prevented observing a similar trend in this sex group. This observation was supported by the fact that in the younger age groups, where the number of male and female subjects was balanced, there was a trend toward significant correlation between age and CCT for both sexes. They noted that the maximum decrease in CCT occurred between the 2 age groups, 10-15 and 16-25 years. Our study was based upon a refractive population of patients, and thus, a majority of our patients were older than 17 years.
There have been studies that have looked specifically at myopes and CCT 3,7 with mixed results. Chang et al investigated corneal thickness in their Taiwanese patients. The mean corneal thickness in their study was 533 6 29 mm and was thinner in more myopic eyes. They concluded that a decrease in corneal thickness was a result of a change in the anterior segment as the eyeball elongated in myopic progression. Cosar and Sener 4 also found a similar relationship between refraction and CCT. Interestingly, emmetropes had an average thinner CCT than myopes (513.7 6 35.4 vs. 536.1 6 68.5 mm). Other studies have found contradictory results. Liu and Pflugfelder studied corneal thickness in contact lens wearers and found no correlation between CCT and the degree of myopia in both, wearers and nonwearers alike. Similarly, Pederson et al 8 concluded that there was no statistical difference in CCT between emmetropes and myopes (538.6 6 32.1 vs. 527.7 6 35 mm). Price et al 9 concurred with this latter group of researchers and found no correlation between refraction and CCT.
Review of literature also indicates that there may be ethnicity-related differences in average CCT and age-related trends in CCT. Hahn et al 10 studied CCT in 1699 Latino participants in the City of La Puente, CA. Mean CCT by Goldmann applanation was 546.9 6 33.5 mm, and older subjects (.70 years) had significantly thinner CCTs compared with younger participants (P = 0.009). They also found a significant difference in CCT between male and female participants. Other articles that have studied corneal thickness also confirm ethnicity-based differences in CCT. In an analysis of glaucoma and corneal thickness, La Rosa et al 11 reported that the average CCT in whites and African Americans was 556 and 534 mm by ultrasound, respectively.
It is possible that the differences in CCT among the different ethnic groups found in the various studies can be attributed to differences in measuring methods, for example, optical versus ultrasound versus Goldmann pachymetry. Aghaian et al 12 looked at an ethnically diverse population of 801 eyes in a San Francisco glaucoma clinic. The mean CCT of all participants was 542.9 mm. Among the Asian subpopulations, Japanese participants had the thinnest CCT (531.7 mm) compared with Chinese (555.6 mm) and Filipino (550.6 mm) subjects. African Americans had the thinnest CCT (521.0 mm) of all races, including whites (550.4 mm) and Hispanics (548.1 mm). Aghaian did observe a significant inverse correlation between CCT and age. There was a difference of 3 mm per decade, and this 
